Background-This study describes the epidemiological trends of tuberculosis in Cuba and the performance of the tuberculosis control programme. The circumstances that caused an increase in the incidence of new cases of tuberculosis between 1991 and 1994 had been analysed and were corrected in 1995-7. Methods-A descriptive study of the incidence rates of new cases of tuberculosis notified from 1962 to 1997 was made, with special emphasis on the total change between 1965 and 1991 and the increase thereafter. Results-The case notification rate of 14.7 per 100 000 in 1994 was almost three times the rate found in 1991 (4.8 per 100 000) and reversed the mean annual decrease of 5% observed since 1965. This increase was almost twofold in the rate of smear positive new cases (4.4 per 100 000 in 1991 and 8.3 in 1994). From 1971 onwards the programme had achieved a cure rate of 90% throughout the country with only 2% absconding by applying directly observed treatment. The main factors associated with the increasing trends were: (1) a probable underdetection of cases for the 1988-92 period that generated contagious sources in the community; (2) improved case finding from 1993 onwards and the introduction of an expanded case definition in 1994; (3) a considerable increase in the diagnostic delay from initial medical consultation to beginning of antituberculosis treatment (56.9 days in 1993); and (4) operational changes in the tuberculosis control programme due to the economic crisis in Cuba. In 1995, 1996 and 1997 it has been possible to reverse this trend, achieving rates of 14.1, 13.5, and 12.2 per 100 000, respectively (7.6, 7.6, and 6.9 for smear positive cases) as a result of eVective intervention correcting the problems identified. Reducing the diagnostic delay attributable to shortcomings in the health care system and the study of contacts were of particular importance for reestablishing the tuberculosis programme as a priority. Conclusions-Cuba represents a good example of how it is possible to fight against tuberculosis eVectively, even in a low income country, by applying control strategies advocated by the World Health Organisation and the International Union Against Tuberculosis and Lung Disease and by giving adequate support to the programme through political commitment. (Thorax 2000;55:39-45) 
Tuberculosis is probably the disease that has most extensively decimated the population throughout history 1 and at present it is estimated that there are more patients with tuberculosis worldwide than ever before. 2 Population growth, the pandemic with the human immunodeficiency virus, increased poverty, and other factors have been identified as contributing to an increase in tuberculosis in developing [3] [4] [5] [6] and industrialised countries. [7] [8] [9] [10] [11] [12] This situation is unexpected because the scientific basis for the control of the disease has been established for several decades and the benefits that can be obtained from a well organised national tuberculosis programme have been extensively documented. [13] [14] [15] The resurgence of tuberculosis cannot be attributed to the above factors. A major contributing factor is likely to be the nonimplementation of modern control measures or the dismantling of existing programmes 7 16-18 as a result of the high costs of tuberculosis control. 19 Analyses of cost eVectiveness suggest, however, that treatment with short courses of chemotherapy is highly cost effective and is similar to oral rehydration therapy or measles vaccination. 20 23 In this context, the experience of a low income country such as Cuba, where the national tuberculosis programme has always enjoyed a high priority, might serve as a good example for the fight against tuberculosis. Of particular interest here is the period after 1989 with the economic depression and the subsequent increase in the number of new cases of tuberculosis.
The present study analyses the results obtained in the national tuberculosis programme in Cuba from 1962 to 1997. Special emphasis is given to the change in notification trends of tuberculosis between 1991 and 1994 and to the analysis and correction of identified weak points of the programme. Trends in tuberculosis are discussed with a focus on achieving elimination of tuberculosis (incidence rate of new smear positive cases less than 1 per 100 000 population) 10 by the year 2016.
Methods
The study included all new cases of tuberculosis notified in the 169 municipalities of the 14 provinces in Cuba between 1962 and 1997. In this country free health care services are provided to the whole population. The following Word Health Organisation definitions 24 were used to define tuberculosis cases: (1) a case of pulmonary tuberculosis with positive sputum smear for acid fast bacilli, (2) a case of pulmonary tuberculosis with negative sputum smear (with positive or negative culture), and (3) a case of extrapulmonary tuberculosis. The case definition was expanded in 1994 to include cases with clinical symptoms and radiological features suggestive of tuberculosis but with negative sputum smears and negative culture. The detection of cases was based on passive case finding among patients seeking medical care with respiratory symptoms (cough and expectoration for more than 14 days) and active case finding by intensive screening of household contacts and high risk groups such as HIV infected individuals and other immunocompromised patients. All patients with a clinical suspicion of tuberculosis (respiratory symptoms) underwent two consecutive smear tests (three tests until 1993) with culture of the first sample. In patients with negative results a chest radiograph was required. Susceptibility testing to antituberculosis drugs was performed on all strains of Mycobacterium tuberculosis isolated from sputum smear positive patients. The tests were done using the dilution and multiple proportion method. 25 Sputum smear microscopy is performed in the national laboratory network in the 421 polyclinics and 87 hospital and institutional laboratories and by the 32 municipal and 14 provincial laboratories responsible for quality assurance and culture examinations. A national reference laboratory supervises and controls these activities.
Delay in the diagnosis of tuberculosis was assessed by a systematically applied questionnaire and was calculated for each patient as the interval between the onset of symptoms and initiation of antituberculosis treatment. The median time of delay was calculated for all patients in every year. The time elapsed from the onset of symptoms to medical consultation (patient's delay) and from the first medical consultation to the beginning of treatment (doctor's delay) was also calculated.
Antituberculosis treatment is provided free of charge to all new patients with tuberculosis and, since 1971, it is given on an outpatient basis. The intake of drugs is directly observed by a doctor or nurse. Therapeutic regimens have varied throughout the study period. In the beginning the regimen consisted of daily isoniazid and streptomycin during the first month followed by isoniazid and streptomycin twice a week for 11 months; after 1975 daily isoniazid, streptomycin, and ethambutol for two months followed by isoniazid and streptomycin twice a week for 10 months were used; in 1982 a regimen with daily isoniazid, rifampicin, streptomycin, and pyrazinamide for two months followed by isoniazid and streptomycin twice a week for seven months was introduced; and from 1986 to the present time daily isoniazid, rifampicin, pyrazinamide, and ethambutol for two months followed by isoniazid and rifampicin twice a week for five months is the recommended regimen.
Since 1965 patients with tuberculosis have been given sick leave from work and they receive a full salary during the entire treatment period. Patients have the assurance that their position will be retained during treatment and that they will be re-employed in their previous job after completion of antituberculosis therapy. 26 Since 1994 the outcome of treatment has been systematically evaluated for each one year cohort of patients and defined as follows: cured = patient with negative sputum smears at the fourth and seventh month of therapy; treatment completed = patient who completed treatment but for whom no microbiological studies were available prior to completion of treatment; defaulted = patients who failed to take their medication for more than two months; treatment failure = patients with smear positive results at the fourth month of treatment; died = patients who died during the period of treatment and were included in the category of deaths regardless of cause of death; transferred out = patients who were diagnosed and initiated treatment in one centre and were subsequently referred to complete antituberculosis therapy in another centre and for whom treatment results are unknown.
The contacts of every patient with tuberculosis, both smear positive and smear negative, were systematically investigated. Assessment of contacts of tuberculosis cases included clinical evaluation, chest radiography, and tuberculin (1) distribution of case notification rates by year, age and sex (annually updated according to the population census); (2) number of cases with cough and/or expectoration for more than 14 days studied every year (among the total number of general consultations); (3) percentage of cases with respiratory symptoms for more than 14 days in whom a first and second sputum smear examination was performed; (4) diagnostic delay (in days) among cases with respiratory symptoms for more than 14 days; (5) percentage of sputum smear positive cases out of all cases; (6) treatment outcome in the cohort of smear positive patients enrolled in the national tuberculosis programme in the previous year, calculating the proportion of cases with the six possible outcomes; (7) mean number of contacts studied for each patient and total number and percentage of tuberculosis cases found among the contacts; and (8) percentage of children who received BCG vaccination at birth. Since the introduction of systematic evaluation of treatment outcome in 1994, the proportion of patients with smear positive tuberculosis who were declared cured has been over 92%, with defaulters accounting for less than 2% and failures for only 1.2% in 1996 (table 2). The percentage of deaths was 5.4% in 1996, most of them in elderly patients (36 cases).
Results
Information about patients with respiratory symptoms (cough and/or expectoration for more than 14 days) detected in the national tuberculosis programme is detailed in table 3. There was a clear decrease in the number of patients identified with respiratory symptoms lasting for more than 14 days during the period 1989-92 and a marked increase from 1994 onwards. There was also a decrease in the number of smear examinations carried out during the period 1991-3. The delays in diagnosis, both in relation to the patient and to the health care system, are shown in table 4. It should be noted that the diagnostic delay attributable to the health care system (from initial consultation to treatment) was 56.9 days in 1993, but this figure has been reduced to 14.2 days in 1997.
The mean number of contacts examined for each case of tuberculosis decreased from 4.6 in 1989 to 2.9 in 1992. This was followed by a marked increase of 8.3 in 1995 and 12.5 in 1997 (table 5) .
The percentage of BCG vaccinated infants throughout the study period has been close to 100% since 1978 (98.5% in 1997). The last case of tuberculous meningitis in children under five years of age in Cuba occurred in 1974.
The first case of the acquired immunodeficiency syndrome (AIDS) was registered in 1986. As of 31 December 1997, a total of 676 cumulative cases has been notified (rate 6.1 per 1 000 000) and 77% of these patients have died. HIV infection is almost exclusively sexually transmitted (97.7%), 50.7% among homo/ bisexual men and 47% due to heterosexual transmission. The first case of tuberculosis in HIV infected individuals was detected in 1992, with a total of 126 cases up to the end of 1997 (29 cases in 1997).
The rate of initial resistance to antituberculosis drugs is very low, especially for isoniazid and rifampicin. In 1995 1.55% of the cases showed initial resistance to isoniazid and 0.7% Interval 1 = from onset of symptoms to consultation (patient's delay). Interval 2 = from initial consultation to treatment (doctor's delay). Total = from onset of symptoms to treatment (total delay). to rifampicin (table 6 ). The highest initial resistance was to streptomycin, a drug widely used in Cuba in the past.
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Discussion
The implementation of the national tuberculosis programme started in Cuba in 1959 when oYcial registers were established and the programme was integrated into the primary health care system. 26 27 Directly observed treatment in outpatient clinics was introduced in 1971 and rifampicin was included in chemotherapy regimens in 1982. [26] [27] [28] [29] These changes resulted in an average annual decrease in new cases of tuberculosis of 5% from 1965 to 1991. 29 30 The case notification rate of 4.8 per 100 000 achieved in 1991, together with the low rate of tuberculosis infection among Cuban refugees on entering the USA [31] [32] [33] and the low prevalence of bovine tuberculosis, 34 show that Cuba is in one of the best epidemiological positions of the world, including most industrialised countries, 7-12 17 35 36 and seems to indicate the possibility of rapid elimination of the disease. 30 However, as has occurred in many other countries in the past decade, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] there has been a significant increase in new cases of tuberculosis in Cuba, 37 almost threefold from 1991 to 1994 for all cases and twofold for smear positive cases. 38 The notification rate of total cases of tuberculosis in 1994 was close to that of 1972, whereas the rate of new smear positive cases was close to that of 1980-1. The diVerence in the increase may be due to the change in case definition adopted in 1994. This increase occurred despite the fact that Cuba achieved the two WHO targets established in 1991 for the year 2000 39 -that is, a detection rate of smear positive cases of 70% and a cure ratio of 85%-objectives that are still far from being achieved in most parts of the world. 16 For more than 20 years Cuba had a programme which guaranteed a high proportion of cured cases thanks to a well organised outpatient clinic using directly observed treatment. These results are similar to results obtained in countries using this measure of control. 14 16 17 36 40-45 The detection rate of smear positive cases is estimated to be over 70% because of the good distribution of health centres and physicians and nurses throughout the country.
It seems that in Cuba the influence of the HIV epidemic, 47 migratory phenomena, 48 and multiresistant tuberculosis 46 49 have been minor. The lack of eYcacy in the national tuberculosis programme, especially due to economic diYculties and the fact that tuberculosis was an infrequent disease in a health system with almost 30 000 physicians in the primary health care setting, may have contributed to a reduced case finding and thus to a resurgence of the disease. The average annual decrease was 5% from 1965 to 1991, a little less than in the period 1995-7 (6.4%). Better case finding and the change in the case definition may explain the increase in the period 1992-4. However, the decrease obtained from 1996 to 1997 (9.6%) was certainly influenced by a reduction in the diagnostic delay and the diVerent interventions in the study of contacts.
There was an important decrease in the detection rate of patients with respiratory symptoms for more than 14 days between 1989 and 1992 as well as a lower number of bacteriological studies carried out in this group, which most probably resulted in an underdetection of cases, a problem present in almost all countries with low economic resources. 16 In 1993, when emphasis was placed on the correction of this measure (improved information, education and supervision), there was a subsequent clear increase in the identification of patients with respiratory symptoms lasting for more than 14 days and in the number of smear tests performed. This resulted in an increased detection of patients, which was even higher in 1994 when the case definition was changed to include clinicoradiological cases. Although the delay in the detection of cases is a poorly studied indicator in most national tuberculosis programmes, 9 17 36 43-45 this parameter is of crucial importance in countries with a low prevalence of tuberculosis infection, especially the delays attributable to the health care system (from initial consultation to treatment). This delay was nearly two months in Cuba in 1993 and it is likely that this led to an increase in the number of infected persons in the community. This delay has been reduced considerably in recent years (14.2 days in 1997). Strengthening the programme, especially by improving information and education for the general population and the health care personnel as well as increased supervision, led to reduced intervals in the diagnostic delay (table 4) .
Economic diYculties after the fall of the socialist bloc, 26 37 38 in addition to logistical obstacles in the implementation of the national tuberculosis programme, led to a deterioration in the nutritional status and to an increase in cases of tuberculosis resulting from endogenous reactivation among subjects previously infected. 38 Although rates of new cases of tuberculosis were similar to those achieved in industrialised countries, 7-10 12 17 35 36 43 44 it was not possible to engage more aggressively in the study of contacts of patients over 15 years of age. 48 It is well known that annual decreases of 12-14% can be attained 13 42 if high cure ratios and high detection rates are achieved. This percentage might be further increased if examination of contacts is systematically pursued and directly observed preventive therapy is provided to those eligible for it. 17 43 44 This may be a fundamental measure when most patients are adults, as in the case of Cuba. By concentrating particularly on factors identified as having caused the increase in the period 1992-4 such as intensifying contact tracing and examination of contacts, Cuba could therefore try to achieve an annual decrease of 10% (as obtained in 1997). The systematic study of contacts and of high risk groups 48 50 with the subsequent administration of directly observed chemoprophylaxis has already been adopted in the national tuberculosis pro-gramme in 1997 as one of the priority measures. These are measures relatively easy applied in Cuba, given the characteristics of the health system and the adequate distribution of primary health care centres and laboratories (one centre with a physician and nurse for each 300-500 persons). 49 For this reason a 10% annual decrease seems to be an achievable objective resulting in elimination of tuberculosis by the year 2016 (incidence rate of 0.93 per 100 000), provided the AIDS epidemic does not interfere with the epidemiology of tuberculosis in the future. 47 However, the distribution of tuberculosis cases by age (fig 2) , which is similar to that found in industrialised nations, 2 10 12 36 would indicate that, even if there were a substantial increase in the AIDS epidemic in Cuba, this would not significantly aVect the epidemiological trends of tuberculosis. 2 The high cost of planning and implementing a national tuberculosis programme has been one of the arguments consistently used to justify the tuberculosis pattern worldwide. 19 However, if a greater priority was given to combatting tuberculosis with internal resources and, if necessary, with external aid, better results could be obtained. 6 45 The national tuberculosis programme and the public health care system of Cuba were considered to be very expensive and, for this reason, a nonexportable model to other developing countries, 51 partly because it was also taking advantage of the economic aid of the former Soviet Union. 26 However, it should be noted that Cuba always spent an important proportion of its gross national product on health care (similar to that of industrialised countries 26 ), a fact that led to the development of a health system that has been able to remain firm and to obtain positive results (occasionally with diYculties), even after the disappearance of the socialist bloc, and this with very limited external aid. Cuba has always fulfilled all elements considered essential by the World Health Organisation 24 and the International Union Against Tuberculosis and Lung Disease (IUATLD) 52 for tuberculosis control. The support and political commitment of the government for the national tuberculosis programme and its integration into the primary health care system (no specialised tuberculosis control system) and the excellent distribution of health care centres represent a good example of how, by fulfilling control strategies advocated by the World Health Organisation and IUATLD, elimination of tuberculosis can become a realistic goal, even in countries with low economic resources.
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